AD  6  1 


C 


REPORT  A65-3 


f 


\ 


AD 


SOLID  PROPELLANT  COOL  GAS  GENERATOR 


by 


THOMAS  Q.  CICCONE 
JAMES  F.  KOWALICK 


June  1965 


AMCMS  Code  5900.22.01105.01 


UNITED  STATES  ARMY 
FRANKFORD  ARSENAL 
PHILADELPHIA,  PA. 


DDC  AVAILABILITY  NOT ICE 


Qualified  requesters  may  obtain  copii :  of  t  r<  o  >rt  r  -  De:>n  t 

Documentation  Center,  Cameron  Station,  Alexandria,  Va.  i'» 

Reproduction  of  this  document  in  whole  'r  in  part  is  pi-rm:  tted  for 

any  purpose  of  the  United  States  government. 

Release  to  CFSTI  is  authorized. 


DISPOSITION  INSTRUCTIONS 


Destroy  this  report  when  it  is  no  longer  needed.  Do  not  return  it 
to  the  originator. 


The  findings  in  this  report  are  not  to  be  construed  as  an  official  De¬ 
partment  of  the  Army  position  unless  so  designated  by  otner  authorized 
documents . 


ftO  <cU*  Z*? 

CLEARINQHOUSE  FOR  FEDERAL  SMEHTIFIO  AND  TEOHNIOAL  INFORMATION,  OFITI 

INPUTSEDTION4IO.il 


LIMITATIONS  IN  REPRODUCTION  QUALITY  OF  TECHNICAL  AOSTRACT  BULLETIN 
DOCUMENTS,  DEFENSE  DOCUMENTATION  CENTER  (ODD) 


I.  AVAILABLE  ONLY  FOR  REFERENCE  USE  AT  DDC  FIELD  SERVICES. 
COPY  IS  NOT  AVAILARLE  FOR  PUBLIC  SALE. 


□  2.  AVAILABLE  COPY  MILL  NOT  PERMIT  FULLY  LEOIBLE  REPRODUCTION. 
REPRODUCTION  WILL  BE  MADE  IF  REQUESTED  BY  USERS  OF  DDC. 


□  A.  COPY  IS  AVAILABLE  FOR  PUBLIC  SALE. 


□  B.  COPY  IS  NOT  AVAILABLE  FOR  PUBLIC  SALE. 


□  *•  LIMITED  NUMBER  OF  COPIES  GONTAININO  COLOR  OTHER  THAN  BLACK 

AND  WHITE  ARE  AVAILABLE  UNTIL  STOCK  IS  EXHAUSTED.  REPRODUCTIONS 
WILL  BE  MADE  IN  BUCK  AND  WHITE  ONLY. 


TSL-I2I-2/BS 


DATE  PROCESSED:  '7''^ 
PROCESSOR:  /J.-'  * 


,  b  ^ 


J.-s 


(•  r*- 


- .  v  • 


REPORT  A65-3 


SOLID  PROPELLANT  COOL  GAS  GENERATOR* 


by 


THOMAS  Q.  CICCONE 
JAMES  F.  KOWALICK 


AMCMS  Code  5900.22.0X105.01 
AF  MIPR  5-00072 


Pltman-Dunn  Research  Laboratories 
FRANKFORD  ARSENAL 
Philadelphia,  Pa.  19137 


June  1965 


*This  paper  vas  presented  at  the  21st  Interagency  Solid  Propulsion 
Meeting,  at  San  Francisco,  California,  June  1965. 


abstract 


Solid  propellants  have  bten  used  as  sources  of  high-pressure 
gases  for  conparatively  short  periods  of  time  for  running  turbines, 
starting  turbo-machines,  atomizing  liquids,  operating  pneumatic  power 
tools  and,  more  recently,  Inflating  life  rafts,  balloons,  and  collaps¬ 
ible  wing  structures.  One  of  the  major  problems  encountered  in  in¬ 
flatable  devices  has  been  the  degradative  effect  of  high- temperature 
propellant  gas  on  materials,  resulting  in  rupture  and/or  burning  of 
fabric  structures.  This  problem  has  been  eliminated  through  the  use 
of  a  packed-bed  chemical  heat  exchanger,  thereby  reducing  effluent 
gas  temperature  to  an  acceptable  level. 

A  method  is  described  for  producing  rapid  and  efficient  cooling 
by  this  technique,  such  that  the  temperature  of  the  cooled  gases  is 
essentially  Independent  of  both  flame  temperature  and  ambient  temper¬ 
ature.  The  method  involves  passing  the  high- temperature  gas  through 
bulk  arrangements  of  chemicals  which  decompose  endothermically  and 
produce  further  gases  that  mix  with  the  propellant  gases.  The  re¬ 
sultant  mixture  has  Increased  mass  and  a  greatly  reduced  temperature. 

Advances  in  chemical  coolant-heat  exchanger  technology  as  related 
to  propellant  gas-generating  systems  are  described.  In  particular, 
design  data  for  specific  propellant-coolant  systems  are  discussed, 
with  emphasis  on  their  use  for  inflatable  devices. 


INTRODUCTION 


It  hmi  long  been  apparent  that  gases  formed  frotn  the  oombustion 
of  solid  propellants  would  offer  a  convenient  moans  for  inflating 
aircraft  flotation  bags,  life  rafts,  collapsible  etructuree  and 
supports ,  weather  balloons  and  the  like.  However,  the  high  tenpora^ 
tures  of  gases  ao  formed  result  in  theraial  erosion  of  hoses,  rubber 
valve  materials,  end  fabric  trails,  causing  eventual  rupture  end/or 
combustion  of  the  inflatable  device*  Thera  have  been  several 
approaches  to  the  basic  problem  of  reducing  the  propellant  gas 
temperature.  All  such  approacnes  provide  a  heat  sink  to  accumilate 
thermal  energy  from  the  higher~torroerature  propellent  gases-  These 
approaches  differ  chiefly  by  the  ease  of  which  heat  transfer  is  accom¬ 
plished* 

Several  An vecti gators  have  passed  propellant  combustion  pro- 
ducts  through  a  bed  of  inert  metallic  particleso  Total  heat 
transferred  is  limited  ho  re,  houevor,  to  the  sensible  heat  ab¬ 
sorbed  by  tha  bed* 

(jY* 

Sutter.  etr>alo,  '  used  tha  primary  propellant  gat  in  an 
ejector*  to  entrain  a  secondary  stream  of  aiibient  air,  such  that 
downstream  mixing  would  provide  a  relatively  lowei  -temperature 
ga3  mixture  of  increased  mass (sea  sketch.  Figure  1).  The  mass 
ratio  of  secondary  to  primary  gas  approaches  zero,  however,  for 
dewnstreara  pressures  much  greater  than  6  psig.  Furthermore, 
ojcctors  open  to  the  ambient  environment  could  not  be  ueed  where 
there  was  danger  of  water  or  other  liquids  being  entrained  by  the 
primary  gas  streets 

(2) 

In  a  classic  letter  patent,  Maurice  and  Tavernier  disclosed 
a  ruathod  whereby  tho  high- temperature  product  gases  pees  through 
a  packed,  solid  chemical  bed*  The  nature  of  the  chemical  is  such 
that  it  undergoes  a  chemical  reaction,  producing  still  further 
gaees  that  mix  with  the  combustion  gases.  The  result  is  a  gaseous 
mixture  cf  increased  mass  and  considerably  lower  temperature  than 
that  of  the  original  propellant  combustion  gases.  Outlet  gas 
temperatures  as  low  ao  12*GPF  have  bean  reported,  using  this  method* 
Figure  2  is  a  sketch  of  ouch  a  system,  as  used  to  determine  the 
feasibility  of  operating  a  standard  pneumatic  grinder.  This 
grlndor  operated  for  80  seconds,  remaining  cool  at  a  generator 
pressure  of  500  psi. _ 


*  Kunboro  in  brackets  refer  to  references  at  the  end  of  this  paper 
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THE  CHEMICAL  HEAT  EXCHANGE  P.DCESS 

The  process  by  which  high  temperature  propellant  gas  exchanges 
thermal  energy  with  eolid  chemicals  is  exemplified  by  Figure  3* 


direction  of  energy  transfer 

I  f  f  t 


Figure  3-  Thermal  Boundary  Layer  along  a  Coolant  Platelet 


The  sketch  here  shows  a  gas  stream  flowing  by  a  chemical  "coolant” 
crystal  having  a  platelet  form,  with  a  flew  direction  that  is  one- 
dimensional ,  Energy  is  transferred  from  the  gas  to  the  coolant  platelet 
through  a  thermal  boundary  layer,  across  which  a  temperature  profile 
has  boon  established.,  The  gas  temperature  at  the  surface,  is  slightly 

greater  than  the  deconposition  temperature  of  the  coo.lant9  while  the 

boundary  temperature,  T^,  is  equal  to  that  of  the  bulk  stream*  The 
average  gas  temperature  of  the  gaa  mixture  leaving  the  boundary  layer  is 
differentially  lees  than  tho  incoming  gae  bulk  temperature,.  This 
difference  is  an  indication  of  the  rate  of  energy  being  transferred  ,  , 
to  the  platelet.  According  to  Schllchting9 s  solution  of  this  problem,'-*' 
the  heat  transfer  coefficient,  h,  across  a  laminar  thermal  boundary 
layer  for  a  flat  plate  (assuming  no  mass  transfer)  can  be  obtained  from 
the  relation 

Hu  s  0*661;  (Pr)^(Ife)  ^  (1) 

where  Hu  s  Nusselt  Number  o  hL/k 
Pr  «  Prandtl  Number  »  c  v/k 
Ite  o  Reynolds  Number  *  P  vinL?Al 
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Similar  solutions  exist  for  other  shapes.  Although  the  assumptions 
of  lamiuar,  steady-state  flow  ar.d  no  mass  transfer  do  not  strictly  apply 
here,  this  expression  yields  an  approx! mate  heat  transfer  coefficient 
which  series  as  a  starting  point  in  uhe  absence  of  an  exact  solution. 
While  ths  properties  of  the  propellant  gas  Influence  the  overall  heat 
transfer  rate,  these  are  irore  or  le33  fixed  by  the  choice  of  propellant. 
Therefore*  it  is  the  orientation,  shape,  and  thermochemistry  of  the 
chemical  coolant  particles  that  have  i  controlling  influence  on  the 
heat  transfer  process.  Qualitatively  speaking,  the  ideal  coolant,  from 
ohe  standpoint  of  obtaining  high  rates  of  energy  transfer,  should  have 
the  following  cli&r&cteristina : 

1.  Low  decomposition  temperature 

2.  High  thermal  conductivity 

3.  High  endothermic  heat  of  reaction 

Ur  High  surfac&to-  to  line  ratio 

5.  long  dimension  in  the  flow  directioc. 

Such  combinations  are  difficult  to  find  in  practice,  and  it  is 
more  often  the  case  that  several  of  these  characteristics  must  be 
compromised  because  of  stability,  toxicity,  and  compatibility  con¬ 
siderations. 


CHEMICAL  OouIANTS 

itopresantetive  chemical  coolants  and  &sir  properties  are  tabulated 
in  Table  I,  Note  that  an dothermically-  reacting  mixtures  may  be  con¬ 
sidered  for  coolants,  as  is  illustrated  by  the  anliydrouB  copper  sulfate- 
sulfu:*  mixture,  which  decomposes  by  the  reaction* 

23  ♦  CuSO^  ♦  30,^00  Calories  +  CuS  +  2SO2 

This  reaction  results  in  two  moles  of  gas  for  every  30  Kilocalories  of 
heat  absorbed,  or  0.067  mien  gao/Kcal. 


Table  I.  Coolant  Properties 


Ammonium  Carbonate 

9.U5 

136°P 

16  Keel 

Aanonlum  Carbamate 

13.8 

iUo°y 

36  Kcal 

Gelatinised  Water 

2.0 

2i2°r 

9.7Kcal 

Ammonium  Hydroaolfide 

1U.1 

212°F 

23  Kcal 

Sulfur/Cop^er  Sulfite 

3.2 

mm 

30.$Koal 

SXA*  Cubic  feet 

transitional 

Molar  Transition 

per  Lb .  Coolant 

Temperature 

or  Heart  ion  Energy 

*v£llero,  Modem  Pyrotechnics,  Chem,  Put. 

to.,  New  tork. 

p.  173  (1961) 
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